receptor 1 (VEGFR1), VEGFR2, along with platelet-derived growth factor receptors, c-kit, and RET kinases amongst others, and has significant clinical activity leading to approval in several tumor types. [3] [4] [5] Although, there was a significant improvement in progression free survival (PFS) in the sunitinib/prednisone arm (5.6 months vs 4.1 months, hazard ratio (HR) 0.725, P < 0.001), the study did not meet its primary endpoint of overall survival (OS) benefit. The trial was prematurely terminated based on a second interim analysis that determined no significant difference in the median OS between the treatment and placebo arms (13.1 months (95% confidence interval (CI), 12.0-14.1 months) vs 11.8 months (95% CI, 10.8-14.2 months)) and HR of 0.914 (95% CI, 0.762-1.097; P = 0.168; stratified log-rank test). For those with measurable disease, response rate was modest but statistically improved with sunitinib plus prednisone compared to prednisone alone (6% vs 2%, P = 0.04) and there was no difference in proportion of patients with stable disease greater than 3 months between the two arms (26% vs 30%, respectively). This lack of benefit occurred at a cost of greater toxicity in the sunitinib arm.
This study is yet another example in prostate cancer in which promising results of phase 2 trials 6-8 did not translate into a phase 3 survival benefit. In the phase 2 sunitinib studies, a reasonable amount of prostate-specific antigen (PSA) declines were seen for a non-androgen receptor-targeted therapy and radiologic responses were seen even in the absence of PSA decline. However, as seen with other tumor types, improvement in PFS with anti-angiogenic drugs in phase 3 studies did not lead to OS benefit. Whether Based on encouraging preclinical data and early phase clinical studies, several drugs with anti-angiogenic properties have proceeded to phase 3 evaluation for the treatment of men with castration resistant prostate cancer (CRPC) ( Table 1) . Unfortunately, no phase 3 study to date has succeeded in demonstrating a survival benefit in large randomized studies. In the most recently reported study by Michaelson et al. 2 873 patients with docetaxel-pretreated metastatic CRPC were randomized to either the small molecule inhibitor sunitinib plus prednisone or prednisone alone. Sunitinib is a tyrosine kinase inhibitor that targets vascular endothelial growth factor this is class effect (also seen in the adjuvant settings) and the underlying mechanisms remain unclear.
In the phase 3 sunitinib study, there were frequent dose reductions and early discontinuations in the treatment arm, perhaps due to a heavily pretreated, elderly patient population when compared to other sunitinib populations. Closer clinical monitoring and aggressive supportive care for early toxic effects might have mitigated these events and may have helped to prolong the median treatment duration of only 98 days, which may have ultimately influenced lack of benefit in median OS. A similar plausible explanation for lower than expected activity was seen with the combination of aflibercept and docetaxel which led to a significantly smaller number of men receiving at least 4 cycles of drug compared with the placebo and docetaxel, diluting any efficacy of the drug. Another possibility is that there may be a subset of clinical responders embedded into these studies and retrospective analysis of tissue and blood samples may lead to greater understanding of subgroups particularly vulnerable to anti-angiogenic drugs and assist in the design of future clinical trials.
These negative data combined with prior negative studies of several other anti-angiogenic therapies ( Table 1) does dampen initial enthusiasm regarding the role of VEGF targeted therapies for the treatment of advanced prostate cancer. However, newer anti-angiogenics such as cabozantinib (a small molecule that targets VEGFR, mesenchymal-epithelial transition and other downstream effectors) and tasquinimod (a quinolone derivative with direct and indirect anti-angiogenic effects) have shown promise in phase 2 studies 9,10 and phase 3 studies of each have recently completed accrual. Understanding how these newer drugs target angiogenesis and potentially therapeutic off-target effects will be key in understanding response and resistance. With several targeted drugs with varied mechanisms of action either approved or in development for the treatment of men with CRPC, appropriate patient selection and identification of biomarkers of response will be key in developing personalized treatment strategies. 
